The measurement of 3-hydroxybutyrate is of clinical importance in the management of diabetes and alcoholic ketosis.
Several methods havc been dcveloped for the estimation of 3-hydroxybutyrate based upon the enzymatic conversion of 3-hydroxybutyrate to acetoacetate. Although kinetic methods for the autoanalyser have been well standardized.' a small research laboratory does not always have access to such sophisticated instrumentation for the estimation of 3-hydroxybutyrate. In this situation a manual method may be the only method of choice. Most manual methods',' involve neutralization of the perchloric acid supcrnatant. which increascs thc assay timc. In this report we describe a modification of the method of Brashear et ul. ' in which a Tris solution was used at a concentration sufficient to maintain the pH above 9 after addition of the acid supernatant; a lower NAD concentration was used to reduce the cost of the assay.
MATERIALS AND METHODS
Blood was collected into lithium heparin tubes, mixed, and 0.75 mL pipetted into 1.5 mL 0.6 M ice-cold perchloric acid. The solution was shaken vigorously and centrifuged at 3000 g for 15 min. The clear supernatant was retained for use in the assay. If the assay could not be carried out on the same day, the supernatant was frozen.
All chemicals were AR grade. Just prior to the assay, N A D (Boehringer Mannheim, NSW, Australia; Cat. No. 127 981) was dissolved in 1.5 M Tris (hydroxymethyl) methylamine solution at a ratio of 1 mg N A D to 0.7rnL Tris. Standards were prepared by diluting a stock solution of DL-3 hydroxybutyric acid, sodium Tris/NAD (0.7mL) was pipetted into semimicrocuvettes, 0.3 mL of standard or sample added, mixed and placed into a 37°C water bath. The initial absorbance was read at 340nm against distilled water, IOpL of 3-hydroxybutyrate dehydrogenase (Boehringer Mannhcim; Cat. No. 127 833) was addcd, mixed and read after 30min. The concentration of the unknowns was calculated from a regression equation derived from the absorbance change of the standards. A Sigma (St Louis, USA) hydroxybutyrate control (H251 I), diluted I : 10 in distilled water, then treated the same as the unknowns, was included in each assay for quality control purposes.
To determine whether acetoacetate or lactic acid had an effect on the assay. normal blood was spiked with hydroxybutyrate, and acetoacetate (Sigma, USA) or lactic acid (Calbiochem Corp., NSW, Australia) was added to the perchloric acid supernatant.
To evaluate the effect of EDTA on the assay, 10 pL of EDTA was addcd to each cuvette after addition of Tris/NAD to give a final concentration of 2mmoI.L-'. Blood from I8 healthy subjects and 10 Type 1 diabetic patients was drawn after overnight fasting, placed into lithium-heparin tubes, deproteinized and analysed by the present method. Non-fasting blood samples were taken from 14 diabetic patients and assayed both by the method described here and by the method of Brashear et uL2
RESULTS
The standard curve was linear to 600pmol.L-' corresponding to an undiluted blood concentration of 1800pmol.L-'. The Sigma control was diluted to 575 and 115pmol.L-' to determine the intra-assay variation, giving a coefficient of variation of 1.4% and 5.0%, respectively (n = 10). The inter-assay coefficient of variation for the Sigma control diluted to 115pmol.L-' (n = 10) was 3 4 % . The Sigma control diluted 1 : l O gave a mean corrected value f SE of 1061 f 17pmol.L-' (n = 10) which was within the assigned range (770 -1540pmol.L-').
For the recovery studies 3-hydroxybutyrate was added to normal heparinized blood, and then processed with perchloric acid. The recovery of 3-hydroxybutyrate added to a final concentration of 75pmol.L-' was 100.1 f 3.7%, while 450pmol.L-' gave a recovery of 98.0 f 1.7% (n = 5).
Increasing concentrations of acetoacetate and lactic acid in the blood resulted in the 3-hydroxybutyrate concentration changing by lcss than 2.5%. A smaller variation (-1.2%) was noted for the addition of EDTA.
After storage of the perchloric acid supernatant for 13 days at -20°C, there was a decline of 3.6% in the value of the 3-hydroxybutyrate concentrations of four spiked blood samples (531 f 25 to512 _+ 22pmol.L ',mean f SE).
The mean 3-hydroxybutyrate concentration for healthy subjects (n = 18) and Type 1 diabetic patients (n = 10) was 40 f 12 (range 10 -242pmol.L-') and 178 & 49 (range 42 -472 pmol.L-'), respectively.
The non-fasting diabetic blood samples ranged from 15 to 677pmol.L-'. There was a highly significant correlation between the modification described here, and the method described by Brashear et nl.' (Fig. I) .
DISCUSSION
The present method is simple, quantitative and inexpensive and the toxic chemical hydrazine is not required. The amount of blood required for the method has been reduced from 3.0 mL in the original method of Williamson et al.' to 0.75 mL in the present method. The same perchloric extract can be used for the assay of lactic acid, provided the blood is processed with perchloric acid immediately after sampling. It is often useful to have information on both lactic acid and hydroxybutyrate concentrations.
Previous methods' have incorporated EDTA into the assay mixture but with the enzyme preparation used in the present method, EDTA was not required.
Brashear et al. ' recommended an NAD concentration of 15 mmo1.L ~ ', which is 10 times the concentration used in the present reaction mixture. Even allowing for the presence of acetoacetate at a concentration three times that of 3-hydroxybutyrate (a situation that does not often occur in normal or diabetic individuals),' the results of the present method were unchanged. The present method departs from linearity above 1.8 mrno1.L-' (undiluted blood concentrdtion); samples from severely ketotic individuals can still be analysed by dilution of the perchloric acid supernatant.
The 3-hydroxybutyrate concentration in blood can be measured equally well by the present method and the method described by Brashear e f al. ' The advantage of the present method is that neutralization of the supernatant is avoided, a lower concentration of N A D is required, and a more commonly available buffer is used (Tris rather than Bis-Tris propane).
